membrane was dried in a vacuum convective oven at 80 °C for 3 hours. After that, membrane was prepared by rubbing the surface of the support with dry ZIF-9-67 seeds until the surface abrupt particles were removed. 8 Then the sample was treated by the methanol cleaning, ultrasonic, and vacuum drying.
Secondary growth was performed using the same gel composition used for the first synthesis. The seeded support was vertically placed in a Teflon lined steel autoclave containing the synthesis gel and heated in an oven at 135 °C for another 36 h. 1 The resulting membrane was taken out and rinsed with fresh DMF and methanol at least three times to remove any solvent on the surface, and then immersed in 30ml fresh methanol for another 24 h to exchange the solvent occluded in the channels. The sample was dealt with new methanol solution for 5 days.
After that the membrane was dried at 70 °C for 48 h.
9
Characterization of ZIF-9-67 hybrid membrane:
XRD analysis of the membranes and powder samples was carried out on a SHIMADZU XRD-6000 X-ray diffractometer in reflection mode using Cu Kα radiation ( λ = 1.5406 Å ). The 2 range from 5° to 60° was scanned with a step size of 0.05°. Thermogravimetric and decomposition analyses were performed on a TGA/DSC 1/1100 SF instrument. Solution 1 H NMR measurements were carried out using a Brücker 600 MHz spectrometer by digesting crystals using d4-acetic acid (C 3 DCO 2 D) as the solvent. Nitrogen physisorption was measured at 77
K on an Autosorb-iQ-MP (Quantachrome Instruments) automated gas sorption analyzer. Prior to adsorption experiments, the samples were first degassed at 423 K for 200 minutes and further at 473 K for 400 minutes. The membrane morphologies were observed via scanning electron micrographs (SEM) (FEI, a XL-30 ESEM-FEG microscope, US), where gold-coated specimens were used to increase the conductivity and the measurements were operated under 10-20 kV acceleration voltage. 4 The membrane was first simply broken and cleaned in air flow to remove dust.
10

Permeation measurements:
For the single gas permeation, the supported ZIF-9-67 hybrid membranes were sealed in a permeation module with silicone O-rings. The feed gases were fed to the top side of the membrane, and sweep gas was fed on the permeate side to keep the concentration of permeating gas low providing a driving force for permeation.
Before the gas permeation measurements, the as-synthesized ZIF-9-67 hybrid membrane was on-stream activated at 150 ºC for 5 hours. 11 During our measurements, exactitude manometers and temperature transducers were used to control the pressure and temperature, respectively. The downstream side was contacted with the atmosphere (~0.1 MPa), and the pressure at the feed side was controlled with the exactitude manometer. The effective area of the ZIF-9-67 hybrid membrane was estimated to be around 3.14 cm 2 . The permeation experiments were carried out for five single gases (H 2 , N 2 , CO, CH 4 and CO 2 ) in this study. The permeation rates of these gases were
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recorded using the bubble flower. The ideal selectivities of CO 2 with respect to H 2 , N 2 , CO and CH 4 were calculated as the ratio of their permeances. 4 Each measurement was repeated three times, and the averaged values were adopted. 
network releases its free molecules and DMF guests in the temperature range of 25 °C to 350 °C, forming its solvent-free phase, which is thermally stable up to 550 °C (Fig. S1 ). The ratio of bIM and mIM is about 4:1 in the ZIF-9-67 hybrid membrane (Fig. S2 ). This is different from the initial proportion of these two linkers due to their different solubilities in reaction solution. The permanent microporous feature was studied by N 2 adsorption measurements at 77 K (Fig. S3) . 
Fig. S9
Single gas permeation data of ZIF-9-67 hybrid membranes. 
(a) (b)
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Comparison to other MOF membranes
